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Enhancing students’ HOTS in laboratory
educational activity by using concept map as an
alternative assessment tool
I. B. A. Ghani, N. H. Ibrahim, * N. A. Yahaya and J. Surif
Educational transformation in the 21st century demands in-depth knowledge and understanding in order to
promote the development of higher-order thinking skills (HOTS). However, the most commonly reported
problem with respect to developing a knowledge of chemistry is poor mastery of basic concepts. Chemistry
laboratory educational activities are shown to be less eﬀective in developing an optimum conceptual
understanding and HOTS among students. One factor is a lack of eﬀective assessment and evaluation tools.
Therefore, the primary focus of this study is to explore concept maps as an assessment tool in order to move
students’ thinking skills to a higher level during laboratory learning activities. An embedded mixed method design
is used in this study, which has also employed a pre-experimental research design. This design triangulates
quantitative and qualitative data, which are combined to strengthen the findings. A low-directed concept
mapping technique, convergence scoring method, and pre-post laboratory concept map were used in this
study. An electrolysis HOTS test was used as the research instrument in order to measure the level of student
achievement with respect to high-level questions. In addition, the thought process that is involved when
students construct concept maps has been explored and studied in detail by utilising a think-aloud protocol.
Results showed a positive development towards understanding and higher level thinking skills in students with
respect to electrolysis concepts learned through chemistry laboratory activities. An investigation of the students’
thinking processes showed that high-achieving students were more capable of giving a content-based
explanation of electrolysis and engaged in monitoring activities more often while building a concept map.
Nonetheless, all categories of students managed to show a positive increase in the activities of explanation and
monitoring during the construction of concept maps after they were exposed to the assessment tool in the
laboratory learning activities. In conclusion, the assessment activity using concept maps in laboratory learning
activities has a positive impact on students’ understanding and stimulates students to increase their HOTS.
Introduction and background
One of the learning goals for the 21st century is focused on
producing workforces that exhibit global competitiveness. This
can be achieved by devoting intensive eﬀort to developing
students with a profound understanding of knowledge, and the
ability to properly solve a problem, think critically and creatively,
and be innovative. In other words, students are encouraged to
develop their thinking capabilities to higher levels. Thus,
students’ achievements in science and mathematics subjects are
among the relevant key components to be focused on in order to
achieve the educational goals of this century (Sahin et al., 2013).
The importance of mastering chemistry concepts in HOTS
development
Chemistry is an important foundation for meeting learning
needs across the fields of science, technology, engineering, and
mathematics (STEM). The goal of chemistry education should
be to focus on meaningful learning, in which students are able
to properly master basic concepts of chemistry so that these can
be used to solve problems in new situations. Students’ ability to
provide arguments and explanations on specific chemistry
processes is strongly emphasised in chemistry education
(Norris and Philips, 2012). Knowledge that can be developed
in a structured manner is an important factor in determining a
student’s ability to solve a new problem (Lopez et al., 2014).
However, it was observed that quality learning cannot be achieved
because students have a tendency to rely on memorising chemistry
facts so that they can regurgitate them in order to pass examina-
tions (Fernandez et al., 2013).
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Several studies have reported that weak mastery of basic
concepts is the main problem for students learning chemistry
(Cooper et al., 2010; Luxford and Bretz, 2014; Burrows and
Moorings, 2015). This is alarming because successful develop-
ment of the skills required to meet the educational goals of the
21st century is dependent on mastering the basic concepts of
chemistry. The development of understanding in chemistry and
higher level thinking skills can be improved if the problem of
weak mastery of the basic concepts is addressed. This can be seen
in reports on international assessments such as TIMSS and PISA,
which present a decrease in students’ achievement in science and
mathematics subjects. General reports on the results of inter-
national assessments showed that students lack mastery of the
basic concepts of science and mathematics, which leads to an
inability to properly solve problems (Ministry of Education, 2012;
Phang et al., 2012). Hence, an emphasis on helping students build
a good understanding of basic concepts is highly relevant and
needs to be extended to ensure that the development of HOTS in
students can be achieved.
Various definitions have been highlighted by previous
researchers associated with higher-order thinking skills. Bloom
(1956), for example, defined the levels of analytical cognition,
synthesis, and evaluation as higher-order thinking skills
categories for exhibiting more complex cognitive activity as
compared to levels of knowledge, understanding, and applica-
tion. Problem-solving skills, creative and critical thinking, and
the ability to ask questions about the value of higher-order
thinking skills was highlighted by Zoller (1993). In addition,
according to Zohar and Dori (2003), cognitive activities such
as being able to compare and diﬀerentiate, build arguments,
and be able to scientifically examine are examples of higher-
order thinking skills. However, the definition of higher-order
thinking skills according to the interpretation by Anderson
et al. (2001) is slightly diﬀerent; this is in accordance with the
Revised Bloom’s Taxonomy and is a term often used in the
educational field today (Forehand, 2010).
In science education, in general, HOTS are closely associated
with meaningful learning or learning through understanding,
in which students are able to apply what they have learned in
the context of a new situation (Novak, 2010; Hofstein and Kind,
2012; Lopez et al., 2014). For this purpose, the development of
basic concepts is essential in ensuring that the development of
students’ knowledge and HOTS in chemistry can be achieved
(Vachliotis et al., 2014). According to Krathwohl (2002), it is
important to stimulate students’ cognition to the highest level
(creating level), but mastery of basic concepts is also necessary.
This shows that the importance of mastering the basic concepts
of chemistry should be emphasised.
Students’ understanding of electrolysis
Electrochemistry is one of the key concepts that students need
to master in order to become proficient in the science of
chemistry. However, previous studies have reported that several
learning problems occurred among students in mastering the
concepts of electrolysis (Sia et al., 2012; Akram et al., 2014). One
of the problems is that students are weak in distinguishing
the final product obtained at the anode and cathode in an
electrolysis process (Akram et al., 2014). They are unable to
master the basic concepts that emphasise distinguishing
between molten and aqueous electrolysis. This is a key reason
why students cannot provide accurate assessment and justifica-
tion when describing a chemical process (Schmidt et al., 2007).
These problems stemmed from weak mastery of the basic
concepts required for chemical knowledge, which eventually
caused students to frequently encounter diﬃculties in solving
problems associated with electrolysis (Thompson and Soyibo,
2002; Rahayu et al., 2011; Heng et al., 2014). What is more
alarming is that poor mastery of the concepts associated with
one chemistry topic will hinder learning in other chemistry
topics and reduce motivation to learn (Celikten et al., 2012). As
a result, the objectives of students’ HOTS development will not
be achieved.
Learning through laboratory activities
One of the important aspects of chemistry teaching is helping
students to gain in-depth understanding of a concept that can be
mastered through laboratory learning activities (Lunetta et al.,
2007; Ding and Harskamp, 2011). The basic goal in conducting
these activities is to help students make a connection between
the world of objects and events, and the world of abstract
thoughts and ideas (Abrahams andMillar, 2008). Many scientists
have agreed on the importance and significant impact of these
events with respect to achievements in scientific knowledge
(Hofstein et al., 2005; Sesen and Tarhan, 2010). These activities
are also likely to provide the best platform for developing
concepts and students’ HOTS.
However, several issues have arisen regarding doubts
whether the implementation objectives of laboratory activities
are being achieved. The main issue is that many students do
not appear to understand the main purpose of laboratory
activities that are undertaken. They simply thought that they
were merely having fun playing with laboratory apparatus and
materials outwith the daily learning routine (Reid and Shah,
2007; Kim and Tan, 2011). In addition, comprehensive assess-
ment and evaluation activities cannot be executed properly
with the lab activities that have been implemented. Formative
assessments are rarely considered for the purpose of improving
teaching and learning methods. Summative assessments are
the sole focus as these are important for grading for entering
higher education institutions (Hofstein and Kind, 2012;
Fernandez et al., 2013). The traditional practice of assessment
and evaluation activities such as laboratory reports and quizzes
on laboratory learning activities do not help the development of
students’ conceptual understanding (Hofstein and Lunetta,
2004; O¨zmen et al., 2009; Kibar et al., 2013). Active student
involvement in the assessment activities to build meaningful
knowledge was rarely implemented. This will only lead to
slower development of students’ HOTS since it cannot be
provided properly (Koh et al., 2012). Therefore, it is desirable
for researchers to determine the best assessment methods and
approaches to laboratory and educational activities to ensure
the objectives of their implementation can be optimised.
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The potential of concept maps as an assessment tool for
conceptual and metacognitive understanding
Among the visual tools that have been widely reported to increase
students’ conceptual understanding of a learned concept is the use
of concept maps (Kaya, 2008; Yaman and Ayas, 2015). Proposition
is an important component related to concept maps that can
translate students’ understanding of a concept. Proposition is a
representation of two concepts that can be connected to the most
appropriate linking words. The more accurate the generated
proposition, the higher the level of understanding that can be
achieved by an individual student. The production of an accurate
concept and proposition can show that meaningful learning has
occurred. This learning occurs when students are able to integrate
information or new concepts with existing information or con-
cepts, and then translate the understanding through a relationship
representative that has been generated. This is closely related to
the students’ cognitive development at a higher level (Novak, 2010;
Vachliotis et al., 2014).
Additionally, the low-directed concept mapping technique is
also believed to provide students with the opportunity to develop
their creative and critical thinking skills. Students are given a little
information or a basic concept by the assessor or teacher in order
to generate a concept map of a learning unit via the low-directed
concept mapping technique. The students are challenged to
create other concepts and design their understanding according
to their own preferences. On the other hand, in the high-directed
concept mapping technique, students’ creativity has been blocked
to translate the understanding gained since they have been given
many concepts by the teacher/assessor. In addition, monitoring
activities carried out by students while building a concept map
and reflective attitudes towards the quality of concept maps that
have been produced can encourage development of critical think-
ing skills to a higher level (Ruiz-Primo et al., 2001; Hilbert and
Renkl, 2008; Kumaran and Sankar, 2013).
Concept mapping has the potential to become not only a tool for
teaching and learning but also an assessment tool for the level of
understanding that is reflected in students’ cognitive structures.
Concept maps can serve as an alternative assessment tool only if
they can fulfil three essential components, namely (a) a task
demand, (b) a format for students’ responses, and (c) a scoring
technique (Ruiz-Primo et al., 1997). A task demand is a technique or
concept map task that needs to be done by the students to complete
the assessment activities. For example, the assessor must determine
whether to use the low or high-directed concept mapping technique
in assessing the conceptmap. The choice depends on the purpose of
assessing the concept maps that are implemented. The response
format is a method of concept mapping performed with either pen
and paper or ICT. Meanwhile, the scoring technique refers to the
quantitative or qualitative method of scoring that is used when
assessing the concept maps that are produced.
Basically, the concept maps can be assessed and evaluated by
using quantitative or qualitative analyses. This depends on what
is reviewed and evaluated by each examiner and the objective
assessment that was constructed (Kibar et al., 2013). With
quantitative analysis, much emphasis is given to calculation of
the components or elements of a concept map (Ruiz-Primo
and Shavelson, 1996; McClure et al., 1999). Meanwhile, qualita-
tive analysis focuses on the explanation of the content and
quality of concept maps (Kinchin et al., 2000). These two
analytical methods can be evaluated by comparing with an
expert concept map (Van Zele et al., 2004).
Consequently, many studies related to the use of concept
maps as assessment tools have utilized scoring that emphasised
accurate proposition (Ruiz-Primo and Shavelson, 1996; McClure
et al., 1999; Stoddart et al., 2000; Burrows and Mooring, 2015;
Yaman and Ayas, 2015). This is because many researchers
classify the proposition as the component of concept maps that
represents the students’ understanding. Analysis of the proposi-
tions produces better reliability of the analysis of the other
components of the concept map, which produces a more eﬀec-
tive statistical analysis (Stoddart et al., 2000).
Among the scoring methods that emphasised accurate proposi-
tion is the convergence scoring method. This scoring method was
found to be the most appropriate and practical to be implemented
as a means of understanding the conceptual assessment of students
in the class (Ifenthaler, 2010). With this scoring method, a reference
concept map produced by a specialist was used as the comparison
and scoring scheme for the propositions produced by the students.
Several researchers such as Ifenthaler (2010) and Yaman and Ayas
(2015) suggested that the application of an expert concept map is
used so that the analysis scoring of a concept map is more credible
and reliable. Therefore, this study used an approach involving
the low-directed concept mapping technique and the convergence
scoring technique based on their potential to develop an in-depth
conceptual understanding. This, in turn, is expected to promote
students’ thinking skills at a higher level.
There are widespread reports that studied the utilisation of
the concept map as a tool for teaching and learning. However,
its role as an assessment tool is still untapped in many areas
and needs to be improved (Kibar et al., 2013; Burrows and
Mooring, 2015; Yaman and Ayas, 2015). Its validity as a tool of
assessment in the teaching and learning process is still ques-
tionable. Furthermore, empirical studies relating to the nature
of its ability to generate students’ HOTS still need to be
explored (Bramwell-Lalor and Rainford, 2014).
Some studies have been conducted on the use of concept
maps as an assessment tool to understand the conceptual
assessment of learning activities in the laboratory; however, it
is diﬃcult for researchers to find studies that explore and
investigate aspects of the eﬀects of visual tools on the develop-
ment of students’ HOTS. Moreover, in the literature, there are
many studies that only focused on the eﬀect of concept maps
on the students’ learning outcomes (Kaya, 2008; O¨zmen et al.,
2009; Kibar et al., 2013); a few studies examined the thinking
processes of students in concept map activities.
Furthermore, some researchers have also suggested that new
research can be conducted with an emphasis on formative
assessment of laboratory activities, mainly in developing students’
in-depth conceptual understanding (Abrahams and Millar, 2008;
Hofstein and Kind, 2012; Roberts and Johnson, 2015). This is
because formative assessment and the development of conceptual
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understanding, as well as the metacognition of students, are
seldom provided through the activities. This must be emphasised
because improvement of assessment and evaluation elements
have the same weighting in the interests of improving teaching
and learning to achieve educational transformation in the 21st
century. Therefore, the aim of this study is to meet these demands
by seeking alternative approaches to assessment activities that can
be carried out in chemistry laboratory activities. Emphasis is given
to the potential of the assessment tool in the development of
conceptual understanding in order to enhance the HOTS of
students. Thus, the objectives of this study are as follows:
(a) Is the use of concept maps as an alternative assessment
tool in chemistry laboratory activities able to enhance students’
level of understanding of the concept of electrolysis?
(b) Is the use of concept maps as an alternative assessment
tool in chemistry laboratory activities able to enhance students’
level of academic achievement with respect to HOTS related to
the concept of electrolysis?
(c) How do students reveal their thought processes while
building a concept map in chemistry laboratory activities?
Methodology
This study used a mixed methods research design (embedded
design) by Creswell and Plano Clark (2011), in which quantita-
tive methods are run as the primary method and supported by
qualitative research. One group pre-experimental (O1  O2) by
Campbell et al. (1963) was used as a quantitative method in this
study. A think-aloud protocol was used to support the findings
of the quantitative methods that were used.
Participants and instrumentation
Quantitative study. The use of one group pre-experimental
study design (O1  O2) by Campbell et al. (1963) is still relevant
as it is still popular and widely used in the field of education
(Creswell, 2012).
Participants. In order to fulfil the objectives of this study,
32 students were involved and selected from an intact class from a
boarding school in Johor. Chemistry teachers, who were involved
in this study, were graduates that possessed a degree in education
and had been teaching chemistry for at least five years.
Concept map task. Concept map task instruments have been
used to answer the first question of the study. Pre- and post-
intervention concept map task instruments were used to determine
the level of understanding of students revealed by the intervention
study. These tasks have been designed by the researcher based on
the chemical electrolysis concept and made use of low-directed
concept mapping and convergence scoring techniques. Both of
these techniques are selected based on their abilities to become a
platform for an in-depth conceptual understanding. This, in turn,
is expected to promote students’ thinking skills at a higher level.
The tasks consist of a list of instructions and some of the basic
concepts of electrolysis that are similar to those in an expert
concept map. Students are then asked to add as many new
concepts related to electrolysis as possible to demonstrate the level
of their understanding towards the relevant electrolysis concept.
Based on the adaptation study by Ruiz-Primo et al. (2001), an
expert concept map was built after agreement was reached
between the researcher and two other expert chemistry teachers.
This map was developed to be used as a reference (scoring
scheme) during revision of concept map assessment of students.
The construction procedures of an expert concept map are
summarized in Table 1 below.
Three experts validated the contents of the concept map task
developed by the researchers by reviewing and giving feedback.
The evaluation panel is composed of university lecturers and
expert chemistry teachers who have extensive experience in the
field of chemistry education. Modifications to the tasks were
made based on the feedback and intensive discussions that took
place between the researcher and the assessors. Next, in order to
achieve reliability and feasibility of the concept map tasks, a total
of 12 Form 4 students were involved in the pilot study. To evaluate
the study session, an evaluation using questionnaires and revision
of the concept map tasks was performed. The Cronbach’s alpha
value obtained through the task questionnaire is 0.968, which is
an acceptable reliability value. Based on the revision results of the
concept maps, researchers found that students could build a good
concept map using the basic components of a concept map that
had been learned. All the students were found to be able to
use 50% of the concepts that were provided. This reinforces
the assumption that the instrument can be accepted and imple-
mented in the actual study (Ruiz-Primo et al., 1997).
HOTS comprehension test on electrolysis. The instrument
consists of pre-test and post-test scores. The open-ended test
set contains 12 items covering the four highest cognitive levels
of Bloom’s Taxonomy Review by Anderson et al. (2001): the
levels of applying, analysing, evaluating, and creating. This test
was distributed to students before and after the intervention
was provided. The HOTS comprehension test, which includes
Table 1 Expert concept map construction procedures for Electrolysis concept (adapted from Ruiz-Primo et al., 2001)
Steps Procedure details
Step 1 Two panel members are selected from among experts on the subject syllabus content of the electrolysis topic according to the
syllabus prepared by the Ministry of Education and researchers
Step 2 All panel lists were asked to make a list of the key concepts in the domain subtopics of electrolysis to be mastered by students
Step 3 All panel members must compare and discuss the list of key concepts that they have laid out to achieve agreement on the concepts
that are most important in the subtopics of electrolysis. These concepts will be relisted and referred to as a list of key concepts
Step 4 Each member of the panel is required to build a concept map based on the list of key concepts
Step 5 Discussion of the results of the three concept maps has taken place and a final concept map is created with the agreement of all
three members of the panel
Step 6 The final concept map will be used as a standard concept map of electrolysis and is known as the expert concept map
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the subtopics of Electrolysis Chemistry Form 4, was developed
by the researcher to evaluate the eﬀect of interventions on the
development of HOTS of students.
To obtain the content validity of the test, a total of three experts
composed of university professors and expert teachers of chemistry
were appointed to review and comment on each test item. The
assessors were selected based on their skills in composing chemistry
questions according to the cognitive level of the Revised Bloom’s
Taxonomy. The instrument has undergone a pilot study among 31
students in order to ensure compatibility and reliability. A correla-
tion coeﬃcient of r = 0.815 was obtained through methods of
test retest reliability. According to Leech and Barrett (2011), if the
coeﬃcient correlation obtained is more than 0.70, then the instru-
ment can be accepted and is reliable.
Qualitative method
Think-aloud protocol method. Generally, with this method, stu-
dents were asked to say out loud what they thought during a
particular task. The think-aloud protocol is a strategy that is widely
popular and is used to study cognitive processes (Seng, 2007;
Hilbert and Renkl, 2008). In this study, this method was carried
out by asking some students to say out loud what they thought
during conceptmapping.When constructing a conceptmap for the
students’ thinking process, a total of 6 respondents were selected
through a purposive samplingmethod. Yin (2009) claimed that 3 or
4 respondents are considered as an adequate number for qualita-
tive data acquisition. These six students were selected based on the
following criteria, including:
(i) 2 students who obtained a high score in the pre- and post-
test on electrolysis HOTS
(ii) 2 students who obtained a moderate score in the pre- and
post-test on electrolysis HOTS
(iii) 2 students who obtained a low score in the pre- and post-
test on electrolysis HOTS
These six respondents agreed to voluntarily participate in this
study. Additionally, the students were articulate andwere nominated
based on recommendations by their own chemistry teacher. This is
important because the success of think-aloud protocol activity is
highly dependent on the articulacy of students (Van den Haak et al.,
2003). They were asked to say out loudwhat they thought but did not
need to explain their answers. If they were silent or forgot to talk,
researchers would then gently remind them to speak out loud. This
process has been recorded in both audio and video format. Video
footage has been taken to reduce the likelihood of doubt and bias.
Furthermore, it helps to ensure saturation of the available data since
audio recordings alone are not enough (Yin et al., 2005). A verbal
protocol that was obtained was divided according to verbal units,
which were then coded by using a category coding that was
developed by Ruiz-Primo et al. (2001).
Procedure
Concept map construction training sessions were given to the
students before the pre-concept map task evaluation was con-
ducted. This aims to ensure that students have learned the
basic principles of concept mapping before any other evalua-
tion is conducted. It is based on recommendations given by
many previous researchers who advised on the training that
should be given to students in order to obtain the best results
(Hilbert and Renkl, 2008; Hay et al., 2010; Bramwell-Lalor and
Rainford, 2014). The implementation of the training session
lasted for a week and emphasis was given to training in concept
map construction techniques starting from a high degree of
direction to a gradually lower degree of direction. This is based
on a proposal by Bramwell-Lalor and Rainford (2014) to ensure
that students are always motivated in building a concept map
that can enhance their cognitive level.
Fig. 1 shows the flowchart of this study procedure.
Then, a pre-test of the HOTS Comprehension Test on Electro-
lysis and a concept maps pre-task were given a week before the
intervention in order to identify students’ existing knowledge on
the concept of electrolysis. An intervention study using concept
maps as an alternative assessment tool for five laboratories and
educational activities proceeded for five weeks. The five weeks
of laboratory learning activities covered all the electrolysis
sub-topics according to the specifications of the Ministry of
Education (MOE) chemistry syllabus. Table 2 shows the learning
objectives for each laboratory activity.
Each laboratory activity includes assessment tasks involving
concept maps for pre- and post-laboratory activities. The activity
of concept mapping for pre- and post-laboratory activities
was believed to be a good platform for developing students’
Fig. 1 Flowchart of the research.
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conceptual understanding (Kaya, 2008; O¨zmen et al., 2009;
Burrows and Mooring, 2015).
Then, at the beginning of the subsequent week, a post-test
that determines students’ understanding of electrolysis HOTS
and concept map post tasks was distributed for the purpose of
assessing the impact of interventions that were carried out
during laboratory learning activities. During the pre- and post-
concept map evaluation tasks, think-aloud protocol procedures
were performed on all six respondents.
The teaching and data collection processes in this research
were carried out in the Malay language. The Malay language is the
mother tongue and medium of instruction in Malaysia. According
to Miles et al. (2011), the use of the native language can help the
respondent to understand the instructions clearly and provide
the right feedback. However, for reporting purposes, all materials
used are translated into English and reviewed by an English expert
to ensure that the validity of the contents is preserved.
Data analysis
Concept map. Students’ concept maps were quantitatively
analysed by using convergence scoring in accordance with the
method proposed by Ruiz-Primo and Shavelson (1996). This
scoring method is believed to be the best method of showing
the development of students’ understanding and knowledge
and the most practical to be implemented in the classroom
(Ruiz-Primo et al., 2001). This method focuses on the relation-
ship built by the two concepts (proposition) as these elements
are eﬀective in showing students’ in-depth understanding.
Nonetheless, this proposition element is the most challenging
element to be built by students (McClure et al., 1999).
The proposition constructed by each respondent was com-
pared with the proposition of the expert concept map. These
relationships have been given a score of either correct or
incorrect using the ratio of the accurate propositions in the
students’ concept maps to all the propositions in the expert
concept map. This is shown by the following formula:
Concept map score:
Total accurate propositions in the students0 concept maps
Total accurate propositions in the expert concept map
 100
Concept map scoring using this method was performed by the
researcher and was also separately performed by one of the expert
teachers involved in the construction of specialist/expert concept
maps. This method is to ensure reliability (inter-rater reliability) of
the scoremarks obtained by the student. Out of the 218 propositions
that were reviewed, agreement between the two coders to 214
propositions was obtained, representing 98.17% agreement. The
kappa value obtained was 0.949. Thus, the kappa value is considered
to indicate excellent agreement. If there is any discrepancy,
discussions take place between the two appraisers until a final agree-
ment has been reached. The scores were analysed and the level of
students’ understanding was obtained based on the score compar-
ison made between pre- and post-intervention concept maps.
The scores obtained were then analyzed to obtain the mean,
percentage, and standard deviation. Inferential analysis using
the paired t-test was performed to compare the mean of the pre-
concept map with the mean of the post-concept map of the
study that was performed.
Think-aloud protocol
The data was collected from concurrent think-aloud protocols and
supported by observation, retrospective interview, and written
answers by the respondents. The collected transcription protocols
were given to each respondent to verify the verbal data. These
protocol sets were then segmented into units of analysis (known
as verbal units) and coded using the categories developed by
Ruiz-Primo et al. (2001). The developed coding categories are based
on cognitive processes that indicate their in-depth conceptual under-
standing and activities that indicate stimulation of students’ HOTS.
Verbal protocols obtainedwere qualitatively analysed using a content
analysis technique (deductive method), which was then translated
quantitatively through descriptive statistics, namely frequency and
percentage. In order to determine the reliability of the qualitative
findings, verbal unit coding according to this category was per-
formed by two coders. The researcher and second coder coded the
verbal unit on five of the twelve sets of protocols individually before
comparing all the verbal unit coding. If there were diﬀerences in the
coding created by these two coders, reassessment and discussion of
the rationale for the selection of the coding were carried out until
agreement was reached. However, if agreement was not obtained,
the researcher as the first coder made judgments on the actual
coding. This process is the same as the study of content analysis
conducted by Hilbert and Renkl (2008), which utilises think-aloud
protocol. The inter-rater reliability was determined by Cohen’s kappa
value k and the value obtained was 0.912. This value is considered
good according to Landis and Koch (1977) and shows that the
coding performed on each verbal unit has high reliability.
Research ethics
This study emphasizes a few research ethics such as:
(i) Confidentiality agreement in terms of data, information,
and identity. To maintain information confidentiality, the
Table 2 Learning objectives for each laboratory activity
Learning objective
Laboratory learning
activity phase
Assessment
activity tasks
(1) Identifying the characteristics of electrolytes 1 A
(2) Analysing the electrolysis of molten substances 2 B
(3) (i) Analysing the electrolysis of aqueous solution through ion positioning factors in electrochemical series 3 C
(3) (ii) Analysing the electrolysis of aqueous solution through ion concentration factors in electrolytes 4 D
(iii) analysing the electrolysis of aqueous solutions through types of electrode factors 5 E
(Refer to Appendix 1 for details of laboratory activities).
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school’s name and the participants are not mentioned in this
study report. However, nicknames were used to represent the
respondents for the purpose of research discussions.
(ii) Participants were informed of the purpose and their role
as participants in this study. Hence, participants’ involvements
were based on their own will and they were free to withdraw
from the study.
Results and discussion of research
Findings related to the first research question
The study found that the use of concept maps as a tool for
assessing laboratory learning activities resulted in an increase in
the level of students’ understanding of the concept of electro-
lysis. This can be proved by assessment scores for students’ pre-
and post- concept maps as shown in Table 3 below.
Table 3 shows an increase of 38.78% in the mean of the score
for the post-concept maps compared to that of the pre-concept
maps. The mean score obtained for the pre-concept maps is
13.28% and scores ranged from 3% to 27%. Meanwhile, the
average score for the post-concept maps is 52.06% and scores
ranged from 33% to 80%. Therefore, these findings show that the
level of students’ understanding improved after treatment. To
strengthen the research findings, the increase in concept map
scores between pre- and post-assessments can be shown through
the following example of a student’s concept map (Fig. 2 and 3).
Through the analysis of the concept map, for example, through
the post-concept map, students can provide more additional new
concepts, using more accurate linking words and more complex
concept map structures than in the pre-concept map. Analysis of
the concept map reflects the increase in the students’ level of
understanding of the electrolysis concept that they have pre-
viously learned. The researcher believes that the students showed
more complex (sophisticated) thinking and conceptual under-
standing after the intervention, as reflected in the post-concept
maps produced after the intervention. Many previous studies, for
example, Hilbert and Renkl (2008), Erdem et al. (2009), Davies
(2011), and Lopez et al. (2014) emphasised the importance of
proliferation of the concept and new relationships, the construction
of more accurate linking words, and a more complex net structure
in translating the more in-depth conceptual understanding that is
acquired by the students.
Next, a paired t-test analysis was performed to identify whether
there was a significant diﬀerence between the obtainedmean scores.
Referring to Table 4, there is a significant diﬀerence, t(31) = 26.48,
po 0.05, between the mean scores for the pre-concept map and the
post-conceptmap for the same sample. This confirms that themean
score for the post-concept map is significantly than that for the pre-
concept map after intervention. These results indicate that a given
intervention can improve students’ scores in evaluating the concept
map for electrolysis. Next, the eﬀect size was determined using a
formula for Cohen’s d and the value obtained was 4.68 (d4 0.80).
The value of d (4.68) shows that the eﬀect of the treatment on the
level of students’ understanding is large.
In conclusion, the alternative assessment of laboratory learning
using concept maps has a significant impact on the level of
students’ understanding in learning the concept of electrolysis.
This finding supports the study by O¨zmen et al. (2009) and Kaya
(2008), who reported that students should be able to obtain a good
conceptual understanding of the concepts learned through
Table 3 Descriptive analysis of the scores for electrolysis concept maps
before and after treatment
Type of test Min score Max score Mean Standard deviation
Pre (N = 32) 3 27 13.28 6.78
Post (N = 32) 33 80 52.06 11.93
Fig. 2 Example of student’s pre-concept map (refer to Appendix 2).
Fig. 3 Example of student’s post-concept map (refer to Appendix 3).
Table 4 Analysis of paired samples t-test
Type of test Mean Std deviation t Sig. (2-tailed)
Pre-test 13.28 6.78 26.48 0.000
Post-test 52.06 11.93
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laboratory activities by using concept maps. Roberts and Johnson
(2015) also confirmed that the concept map can be used as a
tool to develop an understanding of laboratory activities. Through
these findings, the use of concept maps as an alternative assess-
ment tool in laboratory activities was found to have positively
impacted students’ conceptual understanding levels. The use of
the convergence scoring method and regular construction of
concept maps in the laboratory have contributed to the successful
development of conceptual understanding by students.
Findings related to the second research question
Students’ achievement level in HOTS test. The level of
achievement in the HOTS Comprehension Test on Electrolysis
was found to have increased after exposure to the intervention
study. Table 5 shows the descriptive analysis that was conducted.
The mean score for the post-test showed an increase by
43.14 units relative to that of the pre-test. These findings
indicate that the level of students’ achievement in answering
HOTS questions on the electrolysis concept can be enhanced by
these interventions. The researcher then conducted paired
t-tests to determine whether there were significant diﬀerences
between the mean scores obtained. The result of the analysis
showed a significant diﬀerence, t(31) = 21.66, po 0.05, between
mean scores of pre-tests and post-tests for the same sample
(Table 6). This has confirmed that the mean score for the post-
test is significantly higher than that for the pre-test. These
results once again prove that the use of concept maps as
research interventions can increase students’ achievement
scores in a HOTS comprehension test on electrolysis.
In order to investigate whether the data was normally distrib-
uted before the T test was conducted, the researchers conducted
normality testing through the Kolmogorov–Smirnov and Shapiro
Wilk tests. For the HOTS pre-test data, the Shapiro Wilk test
showed a significant value of 0.955, whilst the post-test data for
HOTS also showed a significant value of 0.393. This shows that the
HOTS pre- and post-test data have been distributed normally.
In order to identify the eﬀect of the size of the intervention,
the Cohen’s d formula was used to determine the eﬀect size,
and the value obtained was 3.83 (d4 0.80). This value indicates
that the eﬀect of the intervention on generating higher-order
thinking skills in students is large.
An interpretation that can be made from these findings is that
the assessment activities using concept maps for laboratory learn-
ing activities can contribute to an improvement in student achieve-
ment with respect to answering higher-order questions. This
finding is supported by previous studies by Bramwell-Lalor and
Rainford (2014), Karakuyu (2010), and BouJaoude and Attieh (2008)
on the direct eﬀect of the use of concept maps on students’
achievement in answering higher-order questions in various sub-
ject areas. However, the results of this study are found to be slightly
diﬀerent from those of the study by Stensvold and Wilson (1992),
which found that concept maps do not give an advantage to high
ability students compared to lower proficiency students. The same
finding is obtained from studies by BouJaoude and Attieh (2008)
and Karakuyu (2010), which found that concept maps can help
students in the group of low achievers to obtain a better perfor-
mance in answering higher-order questions. Furthermore, previous
studies by Didis et al. (2014) have reported that many science
teachers doubted the potential of concept maps in assessing and
evaluating student learning outcomes at a higher cognitive level.
They argued that these tools are only suitable for evaluation of basic
concepts at low levels. Their findings diﬀer from the findings of
this study because the students who were involved in this study
were excellent students who passed public exams and were selected
by the Ministry of Education to enter a boarding school. This study
shows that high-achieving students can benefit from the use of
concept maps. Thus, the findings of this study may prove that the
use of concept maps as an alternative assessment tool can be used
to boost students’ cognitive skills at higher levels.
Findings related to the third research question
Students’ thinking process while building a concept map. Six
students selected from the low, medium, and high achievers’
categories (based on assessment scores for the HOTS compre-
hension test) have demonstrated a pattern in their thinking
process while building a concept map through the think-aloud
protocol. Table 7 below refers to the conclusions of the verbal
unit coding analysis according to categories that have been
developed for each respondent. Please refer to Table 9 for further
explanation on the verbal coding unit.
The table above shows that every student demonstrated a
percentage increase in the Explanation (E) category while building
a post-concept map as compared to the pre-concept map interven-
tion. Meanwhile, it was observed that there are conflicting results
for the Concept Error (CE) and Inappropriate Code (IC) categories.
Each student showed a declining percentage for both categories
while building a concept map after the intervention as compared to
the concept map before the intervention. For the Monitoring (M)
category, no pattern was obtained for the percentage of the verbal
unit category. However, more detailed explanations of the findings’
subcategories such as students’ Explanation (E) and Monitoring
(M) can be seen in the total frequencies obtained from the analysis
of verbal unit protocols for each student in Table 8 below.
Based on Table 8, the total frequencies for the explanation
(E) and monitoring (M) categories showed an increase in post
versus pre-concept maps for almost all students. However, if
scrutinised, subcategory M.3 (ineﬀective reflex) did not show a
consistent pattern; instead, it can be seen that students E and F
(group of low achievers) show higher number frequencies in the
Table 5 Descriptive analysis of pre- and post-comprehension test on
electrolysis HOTS
Type of test Min score Max score Mean Standard deviation
Pre (N = 32) 3 47 23.61 10.35
Post (N = 32) 36 92 66.75 14.18
Table 6 Analysis of paired samples t-test
Type of test Mean Std deviation t Sig. (2-tailed)
Post-test 23.61 10.35 21.66 0.00
Pre-test 66.75 14.18
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two sessions of the pre- and post-intervention concept map
assessment than other students. For subcategory M.4 (review-
ing the quality of a product), a pattern can be seen in the
increasing frequency of all students for post-concept maps as
compared to pre-intervention, except in students E and F. In
fact, if scrutinised, students A and B (high achievers) show a
number frequency that is much higher for the sub-category in
the concept map assessment as compared to other students.
In detail, the number frequency has increased significantly
in the Definition (E.1) subcategory while building the post-
intervention concept maps, which clearly shows the prolifera-
tion of knowledge mastered by students. Examples of verbal
communication presented by students are:
(i) While building a post-intervention concept map by high
achiever students
. . .the electrolysis can decompose the electrolyte/this electrolyte
consists of ions that are free to move, which allows the electrolyte to
conduct electrical current/This electrolyte consists of molten and
aqueous/example is copper(II) sulphate solution/electrolysis cannot
decompose a non-electrolyte, for example naphthalene/this non-
electrolyte cannot conduct electrical current
(Respondent B)
(ii) While building a post-intervention concept map by
medium achiever students
. . .ok. . .electrolyte is a compound that can conduct electricity in
molten or aqueous state/example . . . mm. . .a compound that is in
the acidic or alkaline state, for example, HCl and NH3/a non-
electrolyte is a compound that cannot conduct electricity
(Respondent D)
(iii) While building a post-intervention concept map by low
achiever students
An electrolyte is any ionic compound that can conduct electrical
current in its molten or aqueous form/a non-electrolyte is any ionic
compound that cannot conduct electrical current in its molten or
aqueous form.
(Respondent F)
The results from the analysis of these verbal examples show that
the high achiever students can provide better explanations of the
Table 7 Percentage of verbal unit according to the category of the think-aloud protocol for each student for concept maps before and after intervention
Respondent
Type of concept
map assessment
Percentage of verbal unit category (%)
Explanation (E) Monitoring (M) Conceptual error (CE) Inappropriate code (IC)
A Before 53.95 22.37 21.05 2.63
After 79.14 20.14 0.00 0.72
B Before 61.36 18.18 13.64 6.82
After 77.52 19.38 2.33 0.78
C Before 52.83 18.87 15.09 13.21
After 76.99 16.81 4.42 1.77
D Before 48.00 20.00 8.00 24.00
.After 73.47 14.29 6.12 6.12
E Before 22.64 13.21 52.83 11.32
After 67.57 18.92 9.46 4.05
F Before 16.67 41.67 25.00 16.67
After 59.76 29.27 7.32 3.66
TF – total frequency.
Table 8 Total frequency of explanation (E) andmonitoring (M) subcategories of think-aloud protocol pre- and post-conceptmap interventions of each respondent
Category level
achievement student Respondent
Type of concept map
tasks evaluation
Coding category and subcategory
Explanation Monitoring
E.1 E.2 E.3 TF M.1 M.2 M.3 M.4 TF
High A Before 34 7 0 41 14 0 1 2 17
After 62 30 18 110 16 9 0 3 28
B Before 22 4 1 27 5 2 0 1 8
After 66 24 10 100 18 4 0 3 25
Medium C Before 22 6 0 28 7 2 1 0 10
After 56 24 7 87 9 8 0 2 19
D Before 11 1 0 12 1 0 4 0 5
After 49 17 6 72 8 5 0 1 14
Low E Before 7 4 1 12 1 2 3 1 7
After 34 14 2 50 3 8 3 0 14
F Before 3 1 0 4 3 0 7 0 10
After 34 13 2 49 4 11 9 0 24
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concepts of electrolytes and non-electrolytes as compared to the
medium and low achievers. In fact, the low achievers are still unable
to accurately explain the concept despite the fact that they have
studied it. Misconceptions still occurred when student F assumed
that only ionic compounds can be used as electrolytes. In fact, the
student could not give an example of an electrolyte and a non-
electrolyte while the high achiever students could. This proves that
an explanation of the proliferation concept can expose students’ in-
depth understanding of a concept that has been previously studied.
The potential of concept maps to improve students’ conceptual
understanding through the proliferation of new concepts andmore
accurate proposition has been widely accepted by many researchers
(Hilbert and Renkl, 2008; Burrows andMoorings, 2015; Yaman and
Ayas, 2015). In addition, the tasks in a pre- and post-lab concept
map assessment on five diﬀerent sub-topics of the electrolysis
concept have given students the opportunity to acquire a thorough
understanding of the basic concepts that were involved. The
periodic construction of concept maps is encouraged by many
researchers in order to facilitate the development of students’
conceptual understanding (Kaya, 2008; Kibar et al., 2013).
Subsequently, mastery of the content of electrolysis subtopics
has helped students to compare the concepts involved according to
the specifications of the task-focused instructions. This can be seen
through the increase in the total frequencies in the E.2 subcategory
(compare and diﬀerentiate) for all students while building a post-
concept map compared to pre-intervention. For example, students
should be able to compare diﬀerent types of validation tests on
oxygen and hydrogen gas produced at the anode or the cathode
more accurately while building a concept map after the inter-
vention. These findings support the opinions of Novak and Can˜as
(2008) and Chevron (2014) on the abilities of concept maps to build
students’ skills to better analyse information.
In addition, it is found that students are able to provide more
accurate justifications of a concept or the selection of a relationship
that has been learned during the construction of concept maps
as compared to pre-intervention. This can be seen through the
increase in the number of frequencies in subcategory E.3 (justifica-
tion) on the post-intervention assessment of concept maps. Previous
researchers have suggested that the use of concept maps helps
students to develop good assessment skills (McMillan, 2010;
Kumaran and Sankar, 2013). These skills can be developed through
a process of selecting and determining the appropriate concept and
associating it with the original concept involved. Kinchin (2014) also
believed that concept mapping activities require good assessment
skills and this can be represented by the presence of appropriate
linking words in a concept map.
For the Monitoring (M) category, the students exhibited an
increased frequency in all subcategories except M.3 while build-
ing a post-intervention concept map, which also contributed to
the increase in the test scores of students in the HOTS Electro-
lysis comprehension test. The researchers assume that each
mapping activity requires much reflection, which consequently
helps to establish higher level cognitive skills. In fact, previous
researchers such as Francisco et al. (2002), Popova-Gonci and
Lamb (2012), and Can˜as et al. (2012) also described the concept
map as a reflection tool that is useful for assessing the
construction of the cognitive structures of students with respect
to concepts learned. Furthermore, the concept mapping activ-
ities require higher level reasoning skills and provide extensive
opportunities for the development of students’ metacognitive
skills (Can˜as et al., 2012; Kinchin, 2014). Thus, the periodic
construction of concept maps is helpful in improving the
cognitive skills of students at higher levels.
There was no consistent pattern in the M.3 subcategory for
reflective activities that are not eﬀectively exhibited by students.
However, if investigated, students A and B (high achievers) show
hardly any cognitive activity as a result of this treatment. These
reflection activities also indicated that self-reviews by students
expressed anxiety regarding building a relationship concept or a
less obvious statement. However, this activity does not portray
eﬀective monitoring because it does not exhibit any action or
strategy that can be used as a solution in determining a relation-
ship. An example of a verbal communication obtained is, ‘‘I do not
remember how to connect between the two concepts . . .’’
(Respondent F)
These matters indicate that high achievers have mastered
the concept of electrolysis better to allow them to provide a
more eﬀective solution on reflection activities that occur while
developing a relationship between concepts. This is recognised
by previous researchers such as Lopez et al. (2011), who argue
that students who have mastered a concept properly can clearly
and precisely solve a relationship. For clearer details, Table 9
shows explanations for the Explanation and Monitoring sub-
categories as well as verbal examples presented by students.
What attracted the researchers’ attention is that the findings are
in line with the findings for the first and second research questions.
The higher the conceptmap and students’ HOTS understanding test
scores against pre- and post-assessment sessions, the higher the
percentage obtained by the student in the Explanation category.
These findings can be seen more clearly in a comparison of six
students for three evaluation assessments, which are conducted
using conceptmap scores, the think-aloud protocolmethod, and the
HOTS Electrolysis comprehension test (refer to Table 10) below.
These findings of this study indicate that an increase in
students’ achievement scores in the assessment of the concept
map and HOTS comprehension test is caused by the improve-
ment in in-depth comprehension of the electrolysis concept.
Although this study was not intended to specifically identify
students’ misconceptions, misconceptions are closely related to an
individual’s understanding. For example, a student who exhibits less
misconception of certain learned concepts will show a better under-
standing as compared to students who often showed misconcep-
tions. The relationship between misconceptions and students’
understanding was supported by previous studies by Ruiz-Primo
et al. (2001) and Van Zele et al. (2004). Burrows and Moorings (2015)
found that students who understood a concept better showed less
misconception than students with poorer understanding.
This is also reflected in the concept map scores obtained by the
students involved. The higher the score obtained for the concept
maps, the lower the percentage of misconceptions exhibited by
students during the think-aloud protocol. This finding is consistent
with research findings presented by Burrows and Moorings (2015),
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who reported that students who obtained low concept map scores
showed more conceptual errors than those who had high concept
map scores in the think-aloud protocol interview.
In conclusion, students who have a deep understanding and
are able to think at a higher level can demonstrate cognitive
processes in content-based explanation and have heightened
vigilance while building a concept map (Ruiz-Primo et al., 2001).
Thus, as students master good understanding of the concept
map, greater content-based explanation can be generated.
Hilbert and Renkl (2008) also reported a close relationship
between monitoring activities and the importance of producing
accurate concept relationships with an increase in the yield of a
learning process.
Conclusion
Overall, the main purpose of this study was to identify the extent of
the impact of the use of concept maps in stimulating an increase in
HOTS among students. Skills enhancement in students is expected
to be generated through a deep conceptual understanding, which is
obtained from laboratory and educational activities. Although it is
believed that laboratory activities can provide opportunities for
students to develop a deep understanding and metacognitive skills,
it is a fact that the development of these skills is diﬃcult to achieve
(Glover et al., 2013; Roberts and Johnson, 2015). Manipulative skills
in science are often obtained through these activities, but the
development of deep conceptual understanding and enhancement
of metacognitive skills in students is rarely produced (Abrahams
and Millar, 2008; Hofstein and Kind, 2012; Roberts and Johnson,
2015). Thus, several proposals have been put forward by the
researcher to allow new studies to be conducted with an emphasis
on continuous assessment (formative) and in particular to assist the
development of desired learning skills (Hofstein and Kind, 2012;
Fernandez et al., 2013). Additionally, the activities of evaluation and
assessment seldom receive attention from researchers in the field of
chemistry education research (Miyuko et al., 2014; Teo et al., 2014;
Harshman and Yezierski, 2016), while the components of the
assessment are critical in ensuring the transformation of education
in order to achieve the educational goals of the 21st century.
In addition, based on the researcher’s knowledge and read-
ing, studies have been conducted on the use of concept maps in
laboratory learning activities, but the role of concept maps as a
tool for the assessment of learning activities that take place in
the laboratory, that specialise in generating students’ HOTS,
has not yet been reported. Studies that have been published are
much more focused on generating aspects of conceptual under-
standing in students; hence, it is diﬃcult for the researcher to
find studies that specifically focus on the potential of concept
Table 9 Description of the explanation (E), and monitoring (M) subcategories as well as examples of verbal communications obtained
Category
name Subcategory/code Student verbal example
Explanation Define (E.1)
(Information on options and responses of respondents)
‘‘Bromide ions are attracted to the anode’’
Compare and diﬀerentiate (E.2)
(Information consists of a group of concepts or points that show
similarities or diﬀerences in the response of the students (concept or
proposition))
‘‘Electrodes comprise two types of cathode and anode, but the
anode is the positive electrode while the cathode is the
negative electrode’’
Justifying (E.3)
(Information that gives reasons for students’ choices and responses)
‘‘Molten lead(II) chloride can conduct electrical current
because there are free moving ions’’
Monitoring Defining or applying a strategy (M.1)
(Information specifying a strategy used during its construction)
‘‘I need to review the concepts that have been used’’
Reflect eﬀectively (M.2)
(Information describing self-reflection by respondents such as
questioning the meaning of a word, relationships, and confirming
the accuracy of options and responses that have been made)
‘‘I thought of changing the linking word to be more precise,
from being to discharged’’
Reflect ineﬀectively (M.3)
(Information that describes the self-review by students but does not
involve any action such as anxiety expressed in developing a rela-
tionship concept, but there is no strategy that is used as a solution,
or developing a less obvious statement)
‘‘I do not remember the relationship between these two
concepts’’
Reviewing the quality of a result (M.4)
(Information representing the intention to fix a relationship that has
been created)
‘‘I want to review my concept maps to ensure all concepts
have been used’’
Table 10 Comparison of three assessments, which are the concept map
score, the think-aloud protocol, and the HOTS Electrolysis comprehension test
Respondent
Type of
assessment
Score
concept
map
Category
percentage
(explanation)
Category
percentage
conceptual
error (CE)
Score
HOTS
test
A Before 27 53.95 21.05 47
After 80 79.14 0.00 92
B Before 24 61.36 13.64 36
After 75 77.52 2.33 86
C Before 13 52.83 15.09 22
After 60 76.99 4.42 78
D Before 11 48.00 8.00 25
After 50 73.47 6.12 64
E Before 4 22.64 52.83 14
After 40 67.57 9.46 53
F Before 3 16.67 25.00 3
After 36 59.76 7.32 50
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maps as an assessment tool for stimulating the development of
students’ HOTS through laboratory activities. Empirical studies
that focus on generating students’ HOTS through the use of
concept maps are still not widely recorded (Bramwell-Lalor and
Rainford, 2014). Furthermore, many more studies have been
conducted specifically with respect to their roles as learning
and teaching tools, but research needs to be expanded to focus
on their role as assessment tools (Burrows and Mooring, 2015;
Yaman and Ayas, 2015). This study has provided a better
understanding of how concept mapping activities can help
develop conceptual understanding and thus generate students’
HOTS through the exploration of their thinking processes
involved in the creation of concept maps. Many studies have
only focused on the impact of using concept maps on learning
outcomes; however, based on the researchers’ observations,
minimal research has been conducted to explore students’
thinking processes while building a concept map. Thus, in
realising this limitation, this study was carried out by combin-
ing elements of the application of concept maps that are said to
be able to provide huge opportunities for generating high levels
of thinking in students so that their potential as an alternative
assessment tool in laboratory activities could be expanded.
Based on the overall research findings, the researcher would
like to highlight that a higher score in the concept map
assessment tasks is accompanied by a higher score in the
HOTS comprehension test. Both improvements in scores are
associated with increased frequencies in students’ explanations
and monitoring activities while building a concept map. The
approach of providing a concept map construction training
set, a low-directed concept mapping technique, application of
a convergence scoring technique, and the construction of pre-
and post-laboratory concept maps is believed by the researcher
to be the most appropriate approach for assessment of labora-
tory learning activities for the development of students’ con-
ceptual understanding and HOTS.
In conclusion, this study agreed with the proposal sub-
mitted by Bramwell-Lalor and Rainford (2014) that providing
training for students to develop concept maps gradually moved
from high-directed to low-directed concept mapping techni-
ques. This is intended as an eﬀort to motivate students to
develop low-directed concept maps that are diﬃcult to produce.
In addition, proposals by previous researchers such as Burrows
and Mooring (2015), Kibar et al. (2013), and O¨zmen et al. (2009)
regarding exposing students to the use of pre- and post-
laboratory concept maps have also helped to develop their
conceptual understanding of the concepts of electrolysis. In
addition, the use of low-directed concept maps and conver-
gence scoring has also helped students to gain a deep under-
standing as expressed by Ruiz-Primo et al. (2001) and Yin et al.
(2005). Furthermore, some modifications of the concept map
technique as an assessment tool using the convergence scoring
method are in line with the proposal published by Yaman and
Ayas (2015), which was highlighted in this study. Therefore, this
study has identified a combined approach to the low-directed
concept mapping technique, training given to students, the
convergence scoring method, and periodic use of concept
mapping activities as a significant factor in helping students
to develop conceptual understanding and generate higher level
thinking skills via assessment activities during laboratory
learning. The potential of concept maps as an assessment tool
for the development of students’ HOTS via laboratory activities
is expected to positively impact the science education system.
Implications of study
The study has emphasised assessment using an alternative
tool, namely concept maps, which can be applied in laboratory
learning activities. The use of this assessment tool is expected
to contribute to the development of students’ conceptual and
HOTS in laboratory learning activities. The findings of this
study indicate that the use of concept maps as an alternative
assessment tool in laboratory activities can help teachers to
develop these skills. This study can answer several questions
and issues that were raised by teachers associated with the
assessment approach, which is a traditional practice in schools.
As discussed earlier, many teachers faced the problem of
assessing students’ learning during laboratory activities
(Barnea et al., 2010). Chemistry teachers also lack knowledge
of assessment activities that stimulate students to develop
higher level thinking skills (Fernandez et al., 2013; Miyuko
et al., 2014; Azraai et al., 2015). Assessment activities that have
been carried out in the laboratory can develop thinking skills
only at lower levels (Zoller and Pushkin, 2007; Phang et al.,
2012). Additionally, these findings may also refute the findings
by Didis et al. (2014), who reported that many teachers lack
confidence in the use of concept maps as an assessment
tool that can generate students’ HOTS. The concept map
construction training sessions for teachers and students that
have been used in this study are expected to help teachers to be
more prepared to use concept maps as an alternative assess-
ment tool in laboratory learning activities. The application of
this visual tool is not commonly used as an assessment practice
at the school level. Therefore, the teacher, as a transformer of
education, plays an important role in making this venture
a success.
Additionally, this study is expected to contribute ideas to the
Ministry of Education (MOE) in the search for an alternative
assessment approach to emphasise the acquisition of in-depth
knowledge to generate students’ thinking skills at a higher level.
Furthermore, the provision of training and professional courses
related to improving the quality of teaching is an essential
component of an eﬀective teaching process. The proposal to
provide teachers with comprehensive training in using concept
maps as an alternative assessment tool was also supported by
previous studies such as those by Kinchin (2014) and Didis et al.
(2014). Most of the teachers gave negative opinions on the use of
concept maps because they had less knowledge on the use of
these visual tools (Didis et al., 2014). Thus, this study is expected
to trigger ideas for the MOE to implement eﬀorts to continuously
improve learning assessment components in order to transform
education in the 21st century.
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Limitations of the study
The pre-experimental method was employed in the study with-
out a control group. However, future research should focus on
the intervention part of the experiment, which could be divided
into two parts. Firstly, the intervention could emphasis scien-
tific skills to see how students learn using concept maps. The
learning analytics approach can be utilised in analysing the
students’ learning pattern when using the concept maps to
examine their problem-solving skills in learning chemistry
subjects. Besides, content analysis can be used to understand
patterns in students’ learning problems.
Secondly, the researchers are aware of the role of laboratory
activities that emphasise the acquisition of manipulative and
science processing skills. However, this study only focuses on
the assessment of students’ conceptual understanding that can be
developed via laboratory learning activities. Nevertheless, the
researchers believed that high achieving students mastered
manipulative and science process skills very well. Abrahams and
Millar (2008), Hofstein and Kind (2012), Roberts and Johnson
(2015), and Azraai et al. (2015) also believed that manipulative
skills and science processes are often acquired from the imple-
mentation of laboratory activities in schools; however, conceptual
understanding is rarely developed via such activities. Moreover,
many of the latest documents on the development of educational
systems in countries such as the United States of America and
Australia have been concerned with aspects of the change from
the acquisition of manipulative skills and processes to the acqui-
sition of conceptual knowledge (Roberts and Johnson, 2015).
Hence, the researcher decided to emphasise aspects of conceptual
understanding by using assessment.
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